MICROBICIDES: A GLOBAL PRIORITY Background
The HIV/AIDS epidemic continues to spread, undermining development, reversing health gains, and exacerbating poverty. Over 36 million people worldwide are living with HIV/AIDS and 95% of them are in developing countries. Every day more than 16,000 people are newly infected with HIV and current prevention strategies are inadequate to stop the rapid spread of the epidemic. It is estimated that there have been 21.8 million AIDS-related deaths through the end of 2000. Although research on a preventive vaccine is critically important and moving forward, it will be some time before a vaccine is available and accessible. There is an urgent need to identify additional prevention options.
Women are increasingly affected by HIV/AIDS, representing 47% of those infected globally and more than 55% of those infected in sub-Saharan Africa, 30% in Asia, and 20% in Europe and the USA. In 2000, almost 5 million adults were newly infected with HIV, of whom nearly half were women. More than 90% of new infections are spread through unprotected sex, and women, especially young women, are biologically more vulnerable to HIV and other sexually transmitted infections (STIs) than men. Because of gender inequality, condoms, while effective if used correctly and consistently, are simply not a feasible option for many women. The development of a prevention method that women control could save millions of lives.
A microbicide-a product used vaginally to prevent infection-would offer the potential for women to protect themselves and their sexual partners from HIV and other STIs.
The prospects for developing microbicides are promising.
There is growing consensus that developing a microbicide should be technically feasible, and there has been significant progress in microbicide research and development over the last ten years. A number of promising new products are in the pipeline, and findings from market and acceptability research are encouraging. Attention from public-sector and nonprofit agencies and some pharmaceutical companies is increasing, and women in developed and developing countries have expressed high levels of interest in these products.
Most current microbicide research and development is carried out by small biotechnology firms, nongovernmental organisations, and academic institutions, largely supported by public funding. No major pharmaceutical company has made a significant investment in microbicide research and development.
Neither the public nor the private sector is investing sufficient resources in microbicide research and development and, at present rates of progress, it is likely to be another decade before safe, effective, and affordable microbicides are available. Reducing this timeframe will require a major increase in investment from a variety of sources, as well as global political commitment, a focused product-oriented strategy, and continued collaboration between scientists, researchers, the public sector, donors, industry, and advocates in developed and developing countries.
This document presents the case for microbicides, discusses recent progress and developments, and notes outstanding challenges and the action required to accelerate research and development and to ensure that products will be made available to those who most need them.
The need for female-controlled methods
The HIV/AIDS epidemic is driven by social, cultural, and economic gender inequalities that limit women's ability to protect themselves from infection. The main strategies for HIV prevention-condoms, reducing the number of sexual partners, and treatment of reproductive tract infections-are not feasible for many women.
Condom use depends on the consent of male sexual partners and it can be difficult for women to raise the subject in relationships where men make sexual decisions and Microbicides offer many potential advantages for increasing a woman's control over her sexual life and for protecting women, men, and children from infection. This potential is moving closer to being realised through the growing efforts of numerous scientists and advocates to develop a safe and effective product and make it available to those most at risk.
CURRENT STATUS AND RECENT DEVELOPMENTS

Approaches to microbicide development
Scientists have taken two general approaches to microbicide development: developing and testing new substances, and investigating the potential microbicidal activity of existing spermicidal products.* These approaches focus on microbicide products that act in one of the following ways or that combine different mechanisms in one product:
• Killing or inactivating infectious pathogens-examples include surfactants (detergent-like chemicals) that disrupt the lipid 5 * Mention of specific products in development does not constitute endorsement. membranes of cells and the lipid envelopes (surfaces) of viruses such as HIV and herpes, and certain antibiotics that increase membrane porosity. The surfactants include the existing spermicides nonoxynol-9, octoxynol-9, benzalkonium chloride, menfegol, and novel substances that work in a similar way.
• • Several Phase III trials with the spermicidal surfactant nonoxynol-9 have so far failed to show any benefit in terms of preventing transmission of HIV, gonorrhoea, or chlamydia in female sex workers. These include a trial of a vaginal contraceptive film (70mg nonoxynol-9) carried out by Family Health International in Cameroon, and a trial of a gel formulation of nonoxynol-9 known as COL-1492 (52.5mg nonoxynol-9) sponsored by UNAIDS and carried out in Benin, Ivory Coast, South Africa, and Thailand. The data from the four-country trial are still undergoing analysis and the basis of its disappointing outcome is not yet clear. When the data are fully analysed, WHO will convene a consensus meeting to determine future policy recommendations about use of n-9.
MICROBICIDE CLINICAL TRIALS
Acceptability and demand
Laboratory and clinical research has been complemented by a growing body of research and literature related to user perspectives on microbicides. Overall, the findings of this research on acceptability, consumer interest, and potential markets for such products are encouraging, suggesting that there is likely to be demand in both developing and developed countries.
Acceptability studies in a range of countries, including Brazil, India, South Africa, Thailand, Uganda, the US, and Zimbabwe, have confirmed the urgent need women feel for a prevention method they control. In these studies women have expressed generally very positive attitudes towards the concept and use of microbicide products in both contraceptive and noncontraceptive formulations. With respect to formulation, although women express preferences for different characteristics and types of microbicide products, proven safety and effectiveness against HIV and other STIs are generally the most important considerations. Initial studies of men in varied settings in Mexico, USA, and Zimbabwe found that they were also generally supportive of the idea of microbicides.
A market survey in the USA, conducted by the Alan Guttmacher Institute, estimated that 12.6 million American women would be "interested" in using a microbicidal product and approximately 7.7 million would be "very interested," even at a cost roughly twice that of a male condom. Another market study, conducted by Hillmark Consulting among urban women in 11 countries-Brazil, Egypt, France, India, Ivory Coast, Kenya, Philippines, Poland, South Africa, Thailand, and Venezuela-concluded that there is potentially a substantial commercial market for microbicides that is sufficient to justify further product development.
Growing interest in microbicides
Scientific and policy interest in microbicides has grown steadily, evidenced by some of the following key developments:
• The International Working Group on Microbicides (IWGM), established in 1994, is comprised of major public agencies involved in microbicide funding, research, and development. It aims to facilitate the development, production, and distribution of microbicides, promotes sharing of research information, and provides technical expertise for the development of research guidelines.
• • The Alliance for Microbicide Development, a consortium of biopharmaceutical companies, research organisations, and advocacy groups, was founded in 1998. It catalyses diverse interests at work in the field, educates policymakers and the public, advocates for microbicide development, tracks and communicates progress, and aims to reduce disincentives and stimulate investment in microbicide research and development.
• An October 1998 meeting, organised by Family Health
International, IWGM, the Consortium for Industrial Collaboration in Contraceptive Research, and CONRAD, reviewed opportunities for collaboration between industry and the public sector.
• A Global Campaign for Prevention Options for Women was launched in 1998 to increase public awareness, mobilise political will, and increase investment by the public sector and private donors. It now has more than 60 cosponsors worldwide with a secretariat at PATH (e-mail: globalcampaign@path-dc.org).
• , 2000 , and 2001 Workshops, sponsored by the National Institute of Allergy and Infectious Diseases, National Institutes of Health (NIH), assessed scientific progress and outstanding questions related to laboratory testing of microbicides.
• The first major international scientific conference, • The National AIDS Research Institute in France recently established a microbicides working group, is funding a number of studies, and has expressed interest in increasing support for microbicide research and development.
• The Microbicides Development Act, under consideration by the US Congress, proposes a progressive increase in NIH investment in microbicides research and development from its current level of approximately $23 million to reach $100 million in 2003.
• Private funding in the USA has also increased in response to advocacy. 
CHALLENGES TO BE ADDRESSED
Building on recent advances to make a product available will require a significant increase in investment from both the public and private sectors to accelerate research and development. A major increase in funds should be accompanied by a strategic plan and clear criteria for how to best target these resources to advance the most promising products and overcome bottlenecks in the research and development process. Devising strategies to increase public support and to address barriers to industry involvement is crucial. Finally, it is critical to step up planning efforts to ensure future product availability and access.
Increasing public-sector investment
Because of the near absence of private-sector support from the pharmaceutical industry, the advances achieved in micro- 
Attracting private-sector investment
To date, no major pharmaceutical company has made a significant investment in microbicide research and development (R&D); it is estimated that investment by the pharmaceutical 
Markets and profitability
Perceptions about potential markets and profitability are a significant barrier to private-sector investment in microbicides. Industry has generally assumed that the profitability of microbicides would be limited because the main market would be in developing countries, that women in these resource-poor settings would have limited willingness and ability to pay, and that there would be considerable pressure to distribute microbicides inexpensively. However, findings from the two major market studies conducted to date suggest that the developed-country market could be substantial and that women in low-income countries would be willing to pay for microbicides.
The aforementioned AGI survey concluded that there are potentially 7.7 million women in the US who would be "very interested" in a microbicide at a cost roughly twice that of a male condom. Even if the product were not 100% effective, the number of women "very interested" would still be around 4 million. In the EC market study, 25% of urban women surveyed in France thought a microbicide would be "very useful." The EC study also showed that women in developing countries would be prepared to pay a relatively high price to protect themselves from infection, especially when they think they are at high risk of acquiring HIV and other STIs. More than 60% of women surveyed in Ivory Coast and Kenya expressed willingness to pay up to five times the price of a male condom. The potential value of the market in urban Kenya for a microbicide that costs twice the price of a condom was estimated at $3.8 million a year. In Brazil, potential annual sales could be worth $800 million. These issues have been recognised and some steps are being taken towards resolving them. For example, the US Food and Drug Administration has established a Topical Microbicide Working Group that has made a commitment to priority review of products to prevent serious and life-threatening diseases, including microbicides for HIV prevention. The working group is also committed to advising applicants about the regulatory process, working to clarify preclinical requirements, and devising other fast-track mechanisms. These mechanisms and approaches are still new and their effectiveness in helping to bring a product to market has not been confirmed. However, a similar approach could be explored with regulatory agencies in Europe, using the centralised application procedure for European Union states of the European Medicines Evaluation Agency.
Regulatory concerns
Pricing and subsidy
As with any new public health product category intended for the global market, microbicides also raise issues of intellectual property, pricing, and subsidy. It is critical to devise pricing mechanisms and purchase agreements to ensure that new products are available and affordable for the developing world and the public sector where they are needed most, while protecting intellectual property. Recent experience with HIV/AIDS vaccines demonstrates that innovative partnership arrangements can help reconcile industry's interest in profit with consumers' need for safe and affordable products.
Liability
Some industry executives have also expressed concern over potential risk of liability, including both litigation related to side effects and failure to protect against HIV and other STIs. While it is unclear whether liability is of equal concern for all companies and all markets, the topic warrants further examination.
Challenges for ensuring availability, access, and use
The acute need for microbicides in many developing countries makes it critical to take action now to identify and address constraints to availability and access. Many of these constraints, such as problems of cost, supply, logistics, distribution, quality assurance, and consumer information, echo experience with development and introduction of other drugs and technologies.
Depending on the active ingredient, some microbicides may be restricted to prescription only until there is sufficient experience of use. However, devising ways to improve access by making microbicides available over the counter from the outset is essential if they are to have a significant impact on the HIV/AIDS epidemic. Ensuring access will include establishing and engaging innovative distribution networks, as well as traditional health service delivery points, pharmacies, and retail outlets.
These products will also need to be made available at an affordable price. International agencies and governments need to devise funding and distribution mechanisms to facilitate government procurement and subsidies. Pricing may also be influenced by taxes and tariffs on imported pharmaceutical products. This challenge could be addressed, in part, by building local manufacturing capacity, but the level of investment required and companies' willingness to invest require further examination.
Effective education strategies will be essential to ensure that both the public and individual consumers understand the concept and potential benefits of microbicides, their risks and limitations-particularly if a product is only partially effective-and their proper use. Regardless of the distribution channels, health professionals are likely to be important opinion leaders and must also be targeted for training and education about microbicides.
There is considerable scope to learn from experience with existing prevention methods, other nonprescription products, and social marketing approaches. In addition, a growing body of research is beginning to examine ways to convey appropriate messages specifically about microbicides and their use.
Scientific and research challenges
Scientific knowledge about issues related to microbicides is developing rapidly but there are outstanding questions requiring research in basic, clinical, and social science. Additional resources are needed to accelerate ongoing work and to build capacity to address these research challenges, outlined below.
Critical issues in basic research include understanding mechanisms of transmission of HIV and other STIs during sexual intercourse, so that microbicide research can be targeted more effectively; expanding capacity for preclinical analysis of potential products; developing better animal models, including standardised assay methods to compare the potential efficacy of various candidate microbicidal compounds; generalising from efficacy in vitro and in animal models to clinical testing; and improving understanding about bioadhesion, retention, and distribution in the vagina, and about optimal formulations and dosages.
In clinical research the cost, complexity, and length of Phase II and III trials are key constraints. It is important to continue to explore new and innovative approaches to streamlining trials while maintaining the highest ethical standards. Trial sites must be in areas of high HIV incidence where there is a strong research infrastructure. This limits the number of potential sites and calls for efforts to identify and strengthen the capacity available at additional study sites. To meet ethical standards, participants must receive safer-sex counselling, condoms, and STI treatment; the optimum mix and approach to these services needs further exploration and refinement, and clearer guidelines for standards of services and care are needed. It is critical to use the limited resources available to test the most promising products, and developing criteria and a system to select products for testing is a priority, as is developing standardised outcomes for assessing safety and efficacy. More information is needed about the effect of other intravaginal products on microbicide safety and efficacy; the effect of microbicides on tests to diagnose STIs; the potential benefits of microbicides combined with barrier methods that protect the cervix; and possible side effects of long-term use and of use during pregnancy.
Behavioural research is needed to improve understanding about the determinants of product use and user effectiveness and to evaluate acceptability in parallel with product development. Existing acceptability studies indicate that multiple formulations are needed to meet women's different needs and preferences. Ongoing research related to product formulation and mode of delivery should be expanded to ensure the best chance of developing a successful product. In anticipation of product introduction, research about how women and couples understand, negotiate, and act on information regarding partial effectiveness and a hierarchy of prevention choices needs to be expanded.
Policy research is needed to establish the potential costeffectiveness and impact of microbicides in HIV prevention at different levels of use and efficacy, and to determine the potential impact of introducing microbicides on condom use. Additional information on the size and characteristics of the potential market is also critical to help stimulate investment and determine appropriate approaches to product introduction and distribution. Information to donors is essential to stimulate an expanded financial base for microbicide research.
MOVING FORWARD: PRIORITIES FOR ACTION
Despite the urgent need for microbicides and their scientific and public health promise, microbicides are a classic example of a product that will not reach the market without public-sector support. It is clear that the private sector alone will not take forward microbicide research and development and that current levels of public investment, while growing, are insufficient to accelerate and see through the process of bringing a product to market.
Given the limited availability of financial resources and limited number of clinical trial sites, it is critical that product development and testing be conducted efficiently to produce one or more products that are safe, effective, and available.
The major stakeholders in microbicide research and development, including donors and scientists, need to collaborate to develop a scientific strategic plan and an agreed-upon set of criteria for determining which candidate products should be given priority for advancement. Building on this strategy and on existing initiatives, an appropriate mechanism and scientific review process are needed to raise and allocate greatly increased funding to specifically target bottlenecks in the R&D process. For some public-sector and foundation donors, this will be critical to attracting or increasing their investment.
At the same time, strategies are needed to promote innovative public-private partnerships that encourage greater industry investment in microbicide research and development. Public-private partnerships have the potential to reduce the cost and risk to both sectors, provided that there are shared goals, a clear understanding of roles, and a balance between meeting the private-sector objective of seeking profitable venture and the public-sector goal of making affordable microbicides available in poorer countries and communities. A number of recent efforts, including the International AIDS Vaccine Initiative, the Medicines for Malaria Fund, the Global Alliance for TB Drug Development, and the Children's Vaccine Initiative, can provide valuable lessons.
International organisations, donor agencies, and governmental bodies can act as catalysts in three key areas:
Increasing public investment and scientific interest in microbicides Increased and targeted public-sector investment is essential in order to accelerate R&D, generate more interest in the scientific community, and support the research necessary to provide industry with evidence of effectiveness. Specific action is needed to:
• Increase awareness and commitment to microbicides within the international financial and development community, governments, and donor agencies, and encourage these public funding bodies to increase investment in microbicide research and development. This will require greatly expanded advocacy and, specifically, evidence of potential cost-effectiveness, analysis of current levels of funding and of investment required to move forward, and streamlined mechanisms to attract and disburse funds.
• Stimulate demand for increased investment in microbicides from developing-country policymakers, and from women's health groups, HIV/AIDS organisations, people living with HIV/AIDS, and potential consumers in developed and developing countries.
• Generate more interest and legitimacy within the scientific community and attract additional scientific talent to microbicide research and development, through increased funding, mechanisms to promote scientific collaboration and information exchange, and fast-track funding procedures.
• Generate additional and more flexible funding focused on product development, to follow up product leads and move promising candidates through large-scale clinical trials. Develop agreed-upon criteria for determining how available funding and trial sites should be prioritised.
• Provide support for identifying and strengthening the capacity of appropriate trial sites and building the necessary infrastructure with developing-country partners.
• Encourage dialogue among public funding agencies, research institutions, and the biotechnology and pharmaceutical industry. The Eurovac project, which brings together research expertise and industry in Europe for vaccine development, offers a useful model.
Stimulating industry investment in research and development
Attracting industry investment in microbicide research and development will require efforts to improve and share market information, clarify regulatory requirements and create a more supportive regulatory environment, and develop strategies to stimulate markets and reduce legal liability risks. Specific action is needed to:
• Accelerate clinical research to provide proof of conceptevidence to convince industry that microbicides can be effective against HIV and other STIs.
• Increase industry awareness of microbicides, including setting the stage for future private-sector production, delivery, and marketing.
• Create fast-track mechanisms for streamlining research, development, and commercialisation, including the use of orphan drug regulation.
• Provide information about potential markets in developing and developed countries, by taking into account both public and private demand.
• Explore new sources of investment, including venture capital concerns that specialise in pharmaceuticals.
• Establish public-sector mechanisms to provide incentives for industry and support market development through, for example, international market guarantees and bulk procurement. The World Bank, among other public-sector agencies, should take the lead in this area.
• Create supportive environments that stimulate research. For example, research on policy incentives led microbicide and HIV vaccine advocates to collaborate on introduction of tax credit legislation, under deliberation in the US Congress, to encourage companies, especially small companies, to stay in the field, and to attract new companies.
• Promote collaboration among scientists, regulatory bodies, industry, and researchers to define "acceptable" levels of effectiveness, recognising that the perfect product will never be available and that there will be successive generations of products.
• Develop internationally agreed-upon regulatory requirements for licensing different types of microbicide products and, for example, specifying conditions for over-the-counter products. Develop partnerships between regulators and associations representing industry, brokered by public agencies, to address regulatory, licensing, and related issues.
• Consider how existing mechanisms, such as Trade Related aspects of Intellectual Property, can be used to protect patents in developing countries, and draw on the experience of organisations such as the International AIDS Vaccine Initiative, which has been able to secure patent rights for developing-country applications for AIDS vaccine registration through innovative partnership agreements.
• Assess how existing mechanisms, such as medical injury compensation funds, could be used to reduce the risk of legal liability, a particular concern for companies likely to seek a market in the USA. Review other potential strategies for reducing the risk of litigation, including consumer education and counselling, clear and accurate labelling information, and postmarketing surveillance.
• Assess the likely costs and requirements of establishing manufacturing capacity, as well as the potential for technology transfer and developing-country production.
Ensuring availability, access, and use Promoting action to plan for availability and accessibility-in particular, policy dialogue with decisionmakers-needs to happen well in advance of a product's being proven effective.
Specific action is required to:
• Provide information to convince policymakers, in developed and developing countries, about the potential role of microbicides in preventing HIV and other STIs. This will include analysis of the potential cost-effectiveness and public health impact of microbicides with a range of characteristics, in a range of settings, and in comparison with and in combination with other preventive interventions.
• Promote dialogue with decisionmakers in developing countries and provide technical support to prepare national policy frameworks for microbicides introduction, promotion, and delivery, through health systems and as overthe-counter products.
• Consider potential strategies for promoting access and affordability-for example, advocacy with appropriate agencies to ensure microbicides are included in Essential Drugs Lists, bulk procurement, subsidies, incentives, and the potential of different financing mechanisms.
• Increase the involvement of international, bilateral, and technical agencies that could contribute to microbicide availability, access, and affordability, based on their areas of comparative advantage-for example, UNAIDS through its global leadership on HIV/AIDS, UNFPA through its mandate to support provision of essential reproductive health commodities, the World Bank through supporting pricing and financing mechanisms, and UNICEF through its focus on women and children and expertise in communication, community mobilisation, and product procurement and distribution.
• Develop appropriate strategies for product promotion, delivery, and marketing, and for educating health professionals and potential consumers. Explore the best ways to promote microbicides in the context of other prevention options and without undermining condom use. Conduct further behavioural research to improve understanding of protective behaviour in relationships, product preferences, and acceptability of microbicides to women and men.
• Build on the Global Campaign for STI/HIV Prevention Alternatives, involving a wider range of organisations in developing and developed countries in strategies to ensure microbicide availability and access-for example, social marketing organisations, women's groups, organisations working on HIV/AIDS and on sexual and reproductive health, development agencies, community organisations, and the media.
In 2000 the Rockefeller Foundation initiated a series of consultations intended to identify ways to accelerate microbicide research, development, and introduction. Dialogues have been held with leading scientific institutions, advocates, industry, donors, and other major stakeholder groups.
These discussions have identified specific challenges and priorities facing the field, including insufficient capacity for multiple large-scale clinical trials, limited manufacturing capacity, regulatory uncertainty, and insufficient support for early stages of research on new compounds. The consultative process will seek ways to overcome these problems and explore new mechanisms to accelerate the development process.
CONCLUSION
Microbicides offer a critically important new means to enable women to protect themselves from HIV and other STIs with a method under their control. By meeting this need and widening the choice of prevention options, microbicides have the potential to exert a major impact on stemming the HIV/AIDS epidemic. This urgent public health need is supported by growing evidence and increasingly vocal demand for microbi-cides. Neglecting to make such products available would represent an international public health failure. There is broadening scientific consensus that microbicides are feasible and a growing body of evidence about how best to approach research and product development. Transforming this promise into a safe, effective, and available product requires a range of initiatives to accelerate the science and increase investment. An urgent need is to provide proof of concept to demonstrate that microbicides can be effective, and advanced clinical trials to provide this evidence are of utmost priority.
The field faces a number of constraints, most notably inadequate funding and lack of industry participation. However, awareness of the potential of microbicides is increasing in the donor community, and there are indications that industry would be willing to play a more active role if given evidence of effectiveness and appropriate incentives. Much more can be done in this regard: developing a scientific strategy and criteria for prioritising products through the R&D process, especially effectiveness trials; brokering negotiations among principal players from the public and private sectors;
and developing innovative partnerships to address concerns about profitability and access. While an accelerated push must be made on research and development, it is critical to begin planning for product accessibility, introduction, and delivery. These efforts can benefit from careful evaluation of similar organizational initiatives created to stimulate research on vaccines and tropical diseases.
Making microbicides available as rapidly as possible will require accelerated scientific inquiry, global political commitment, concerted efforts to raise awareness about the potential of this approach, and a significant increase in investment from public agencies, private foundations, individuals, and industry. Targeting these resources efficiently will require close collaboration among scientists, researchers, technical agencies, donors, and advocates to create a strategic, product-oriented development plan. Women worldwide urgently need safe, effective, and affordable microbicides to protect themselves from HIV and STIs. A strategic research and development approach is critical to achieving this fundamentally important goal.
